Two variations of the picture-word analogue of the Stroop task were examined in an effort to gain a better understanding of the processes involved in responding to picture-word stimuli. Four stages in this process were outlined and then evaluated as potential sources of the interference in these types of tasks. In Experiment 1 subjects were required to respond yes or no (vocally or manually) to whether the picture was that of a dog. In Experiment 2 subjects were asked to respond by naming the picture's semantic category. Taken together, the results of these experiments indicate that (a) input factors contribute very little to the interference observed, (b) in certain situations some of the interference is due to an interaction of the semantic information from the word and the picture during a decision process, and (c) the response selection and output processes account for most of the interference but only in situations in which the word's name is potentially a response. Implications of these results for the study of automatic semantic processing of words are discussed.
Two variations of the picture-word analogue of the Stroop task were examined in an effort to gain a better understanding of the processes involved in responding to picture-word stimuli. Four stages in this process were outlined and then evaluated as potential sources of the interference in these types of tasks. In Experiment 1 subjects were required to respond yes or no (vocally or manually) to whether the picture was that of a dog. In Experiment 2 subjects were asked to respond by naming the picture's semantic category. Taken together, the results of these experiments indicate that (a) input factors contribute very little to the interference observed, (b) in certain situations some of the interference is due to an interaction of the semantic information from the word and the picture during a decision process, and (c) the response selection and output processes account for most of the interference but only in situations in which the word's name is potentially a response. Implications of these results for the study of automatic semantic processing of words are discussed.
As Quillian (1968) pointed out over 12 years ago, an individual's storehouse of information about any well-known concept is virtually limitless; yet of this information that we all seem to possess, much is clearly irrelevant to our understanding of that concept. That is, in a typical situation where an observer sees an abstract representation of a concept, for example, a picture of a dog in a magazine or the word "dog" in text, the concept "dog" will be understood in the appropriate manner with little irrelevant information ever being retrieved. In addition, the information that is retrieved, that is, the information that allows the concept to be understood, seems to become available essentially automatically with little, if any, effort on the part of the observer.
The processes involved in retrieving information about particular concepts have received much attention in recent years, particularly when words are employed as the means of accessing memory. For example, considerable information has been obtained This research was supported by Grant A633 from the Natural Sciences and Engineering Research Council of Canada. The authors would like to thank Anne Kennedy, Eric Cartman, and Mike Callahan for their help in the data collection and analyses.
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concerning decisions about whether a letter string is a word or not, whether the concept represented by a word has a particular property or belongs to a particular semantic category, and so on (see Posner, 1978) . However, in most of these situations active retrieval strategies are being implemented that are clearly different from whatever retrieval operations are naturally used in reading text. As such, the question of generalizability can be raised. A different way to examine these issues might be to find a task in which some nonintentional processing of a word is inevitable but the required response should not be based on any aspect of the word itself. In such a task, any processing the word receives will be the result of automatic retrieval operations. Thus, any influence the word has on task performance should permit a clearer view of these operations.
In recent years an experimental paradigm has emerged that appears to meet these qualifications, the picture-word interference paradigm. In the basic picture-word interference task, a line drawing ("picture") with a word superimposed is displayed to a subject. The subject's task is to ignore the word and name the picture as rapidly as possible. Typically, it will take a subject 70-90 msec longer to name a picture with a word su-perim posed than to name the same picture presented alone (Lupker, 1979) . This result is, of course, not surprising, since this task seems to be almost totally analogous to Stroop's (1935) color-word interference task. However, what is surprising, as well as more relevant to the present discussion, is the fact that picture naming latency is further prolonged 24-30 msec when the superimposed word names a member of the picture's semantic category (Lupker, 1979; Rosinski, 1977) .
This effect, which is referred to as the "semantic category effect," demonstrates nicely that in this task, as in normal reading, certain semantic information becomes available automatically whenever a word is perceived. After all, the subject's basic task is simply to ignore the word, and as such, it would be expected that the word would be processed no more deeply than is absolutely necessary. If this processing were to only the orthographic or phonetic level, there should be no difference between the same semantic category words and unrelated words. The fact that the semantic category effect exists clearly indicates that the word provides a substantial amount of semantic information also.
If the picture-word interference paradigm is to be a useful tool in understanding the automatic retrieval of semantic information, a workable model of the processes involved in the task must be obtained. The present set of experiments represents a further attempt to understand the basic processes involved in responding to picture-word stimuli. The general framework for analyzing this type of task is derived from the standard processing model initially described by Sternberg (1969) . In this conceptualization, four major stages or processes can be described: an input process, a decision process, a response selection process, and a response output process. Presumably any of these processes, either singly or in combination with the others, could give rise to the basic interference effect as well as the additional interference observed when the word and the picture represent concepts from the same semantic category.
The first of these processes, the input process, involves the basic perceptual analysis of the display, that is, the resolution of figure and ground. This process is presumed to be precategorical in nature and, in line with the arguments presented by Lupker and Massaro (1979) , to be potentially capacity limited (although a strong case to the contrary has been made by Shiffrin, 1975) . Interference at this point would be primarily structural because it would be due to this limitation of processing capacity. In the present task, if the picture and the word have to share perceptual resources, the processing of the picture may be prolonged. This type of explanation was initially offered by Hock and Egeth (1970) as a means of explaining the Stroop effect. A more sophisticated version of this explanation could also account for a gradient of interference. Through training or priming, irrelevant components might automatically attract additional processing resources, thus robbing the relevant component of the use of these resources. To the extent that an irrelevant component (e.g., a to-be-ignored word) attracts resources, processing of the relevant component (e.g., a to-be-identified picture) would be further delayed. This notion will be evaluated as a possible explanation of the results of Experiment 1.
In the second process, the decision process, subjects must consider the relevant information provided by the picture in order to make the decision the task demands. If, for example, the subjects are asked to decide whether the picture is that of a dog, as in Experiment 1, they must examine the acquired perceptual information until sufficient evidence, either positive or negative, is accumulated. This description of the decision process is similar to that suggested by McCloskey and Glucksberg (1979) . Interference may arise here because the word, in addition to its name, automatically supplies certain semantic information. This information may interact to various degrees with the relevant information from the picture, causing any decision about the picture to be more difficult to make. Unlike the interference discussed above for the input processes, the interference here would not be due to structural limitations but to difficulties in keeping the sources of the information separate. It may be that the interference that arises here would be very task dependent. For different tasks, different types of pictorial information would be relevant to the decision. The degree to which a superimposed word will interfere may be a function of the extent to which its automatically supplied semantic information is relevant to that decision. This general type of explanation was recently invoked by Shaffer and LaBerge (1979) to explain the interference they observed in a somewhat different interference paradigm.
The third process in which interference may arise is response selection. In the response selection process an output code must be formed based on the appropriate decision (e.g., a phonetic representation in a naming task, a motor code representation in a button-pressing task, and so on). Like the decision process, this process should be task dependent. Factors such as the compatibility of the mappings of the response code to a given decision and the number of possible responses may influence the speed with which the subject can complete this process. One can conceptualize interference arising at this point if the word suggests an alternative response. In the standard Stroop or picture-word interference task, the word would, of course, promote its name as a possible response. A gradient of interference may arise if the response suggested by one type of word is more plausible than the response suggested by a second type.
Finally, a fourth process that may be responsible for interference would be the response output process. Interference here is assumed to be due to a structural limitation in the output buffer. According to this notion, not only does the word suggest a legitimate but incorrect response but also the tendency to produce that response is automatically evoked and must be suppressed. For example, in the basic picture-word interference or Stroop task, the word's name may become available before the correct response and may assume a preeminent position in the output buffer. Before the appropriate response can be produced, the tendency to emit this incorrect response must be overcome, leading to a longer response time. To the extent that this incorrect response may be a primed response, overcoming this tendency may be more difficult and more interference may result. Apparently, this type of explanation of the Stroop effect has been suggested previously by numerous investigators (Dyer, 1973; Keele, 1972; Klein, 1964; Posner & Snyder, 1975) . However, in reading the accounts offered by these theorists, one cannot be certain whether they are referring to this process or the response selection process as the "output" process. In fact, the two processes seem to be so closely tied that perhaps it has not been deemed important to make the distinction. However, as this analysis hopefully makes clear, these processes are not identical. In fact, it should be possible to create a situation where a superimposed word could suggest an incorrect response, which must be considered by the response selection process, but which would never reach the output level. We suggest that such could be the case in Experiment 1.
Experiment 1
Experiment 1 was designed to investigate the input and decision processes in pictureword interference in a situation where the effects of response selection and response output could be controlled. The subjects were still required to identify the pictured concept, but now, rather than produce the picture's name, they were asked to make a simple yes/no judgment of whether or not the picture was that of a dog.
The subjects were required to respond either by saying yes or no or by pressing one of two buttons. Since only two responses were possible, the only situation in which response output problems could arise would be when the word and the picture were compatible with different responses. However, the superimposed words should not directly evoke the tendency to either say yes or no or push a particular button. Thus, once a response is selected, it should be output without further problems. Potentially, in the vocal task, the tendency to produce the word's name itself could be directly evoked, producing either selection or output problems.
However, due to the fact that only two responses (yes and no) are legitimate and these words are both highly familiar and easily articulable, the word's name should not be considered by the response selection process, nor should it have the opportunity to slip into a preeminent position in the output buffer. This argument is reinforced below by the finding that the observed pattern of interference in Experiment 1 was independent of the method of responding.
In addition to the picture alone condition, there were four interference conditions in Experiment 1. In Condition 1, pronounceable nonwords were superimposed on the pictures. These letter strings should neither supply semantic information that could influence the decision process nor suggest a response of any sort during the response selection process. Thus the only interference they should produce on either positive or negative trials should be during input. In Conditions 2 and 3 the names of nonanimals and animals, respectively, were superimposed on the pictures. These words should cause equivalent problems for the response selection process. That is, they may promote a negative response, which may produce interference on positive trials but not on negative trials. Any differences between these two conditions would then be attributable to either the input or the decision process. If the semantic category effect in the standard picture-word interference task is due to input factors, animal words should cause more interference than nonanimal words on both positive and negative trials. However, if a difference is observed only on positive trials, this would be evidence that the semantic category effect is attributable to decision processes. As suggested above, this effect would be presumed to occur because the semantic information automatically available from the animal words is interacting with the information from the dog pictures to create the decision problems. In Condition 4, the word "dog" was superimposed on the pictures. This word would be expected to produce interference during input on both positive and negative trials to at least the same extent as that produced by the animal words. However, on positive trials this word may facilitate both the decision and the response selection processes, while on negative trials it may inhibit these processes. An analysis of the other interference conditions will allow an evaluation of the contribution of each of these processes to picture-word interference. The results for Condition 4 can then be evaluated from these baselines in order to determine whether facilitation can occur in this task as well as the processes that are affected by the word "dog."
The above remarks, particularly those concerning the decision and input processes, are based on one important assumption: The automatic retrieval of semantic information through words can occur before the subject can make what appears to be a relatively simple judgment, whether or not the picture is that of a dog. To make this decision, subjects do not have to process the picture to the same depth as they do in a naming task. Instead, they should be able to respond based on the presence or absence of a few semantic attributes, which should be readily available from the picture. Certain theories about the relative accessibility of semantic information from words and pictures (e.g., Potter & Faulconer, 1975) seem to imply that it will take longer to obtain semantic information from the word than to derive these few semantic attributes from the picture. If so, no semantic effects should obtain.
Method
Subjects. Forty University of Western Ontario undergraduate volunteers (17 males and 23 females) received course credit for participating in this experiment. Twenty (6 males and 14 females) participated in the vocal version of the task, and 20 (11 males and 9 females) participated in the manual version. All were native English speakers.
Materials and equipment. Twenty line drawings ("pictures") were obtained from children's coloring books. Ten of these were pictures of dogs (the positive trials), 5 were pictures of other four-footed animals, and 5 were pictures of inanimate objects (the negative trials). Five sets of the 20 pictures were produced. Each picture was glued on a 23 X 25.6 cm card. These 5 sets of pictures corresponded to the 5 experimental conditions.
For Condition 1, 10 pronounceable nonwords were created, and each was superimposed on 1 dog picture and 1 nondog picture. For Condition 2, 10 new nonanimal names were selected, and each name was superimposed on 1 of the dog pictures and 1 of the nondog pictures. For Condition 3, 10 new animal names were selected, and each was superimposed on 1 of the dog pictures and 1 of the nondog pictures. For Condition 4, the word "dog" was superimposed on each of the 20 pictures. Condition 5 was the "picture alone" condition, in which no letters appeared on the pictures.
Because the data were available, an effort was made to select words in Conditions 2 and 3 that were equivalent on the dimensions of imageability and printed familiarity using Paivio's (Note 1) norms. The mean imageability ratings for the words in Conditions 2 and 3 were 6.58 and 6.56, respectively. The mean familiarity ratings for the words in Conditions 2 and 3 were 5.04 and 5.12, respectively. (The corresponding ratings for the word "dog" were 6.53 for imageability and 6.33 for familiarity.) In addition, the mean lengths of the words in both conditions and the mean lengths of the pronounceable nonwords were exactly the same. The names of the pictures, the words, and the pronounceable nonwords used are given in the Appendix.
A Ralph-Gerbrands Co. (Model 1-3B-1C) three-field tachistoscope was used to present the stimuli. Viewing distance was 77 cm, and viewing was binocular. The letters typically subtended a visual angle of .24° horizontally and .36° vertically. The pictures subtended visual angles of between 1.90° and 5.74° horizontally and 3.84° and 5.74° vertically. A Hunter-Klockounter (Model 120) timer was used to time subjects' responses. For the vocal responders, an Electro-Voice Inc. (Model 621) microphone was positioned approximately 7 cm from the subject's mouth. The microphone was connected to a Lafayette Instruments Co. (Model 18010) voice-activated relay, which stopped the timer at the initiation of the subject's vocal response. For the manual responders, a board mounted with two telegraph keys was placed on the table in front of the subject. Depression of either of the keys likewise stopped the timer.
Procedure. Subjects were tested individually. All subjects in the vocal condition participated in an unrelated picture-word interference experiment first.' Subjects in the manual condition participated in their own experiment twice. Many of these subjects seemed to have trouble getting accustomed to the experimental setup, so the first block was considered a warm-up and only the second set of trials was analyzed. Before the present experiment started, subjects were informed that they would be seeing a series of pictures, some of which would have words superimposed, and their job would be to classify each picture as to whether it was a dog or not. When the picture of a dog was presented they were to respond yes (press the right-hand button with their right index finger), and when any other picture was presented they were to respond no (press the left-hand button with their left index finger). Next, in order to demonstrate what they were being asked to do, they were shown a picture of a cat and told, "For example, if this picture were to appear, your job would be to respond 'no.' " The subjects then responded to each of the 100 stimuli in a random order. For the manual group the stimuli were then shuffled and presented again. Onset of the stimulus started the timer, which was stopped by the subject's vocal or manual response. Each stimulus remained in view for 750 msec, regardless of the subject's reaction time. The interval between stimulus presentations was used by the experimenter to record the response latency and to reset the equipment for the next trial. Thus, this time interval was not held con- slant but was generally around 5 sec. Errors were recorded, and those pictures were randomly placed back into the set of to-be-presented stimuli. For both groups the entire procedure took about 1 hr.
Results
As is typically the case in vocal reaction time tasks, errors in the vocal condition were virtually nonexistent (11 errors in all 2,000 trials). The results for these few error trials were not analyzed. There were twice as many errors (22) in the manual condition, and although these errors were generally scattered, a slight pattern emerged inasmuch as 9 occurred in the animal word condition on positive trials. Thus, the reported mean for this condition could be, if anything, slightly deflated.
The mean correct reaction times for the five conditions for both negative and positive trials for both the vocal and the manual responders are presented in Table 1 . Each of the individual means is based on 200 observations. For the positive trials, a simple twoway analysis of variance (ANOVA) was performed. The analysis revealed highly significant effects of both Mode of Response, F( 1, The former effect is due to the fact that subjects were 129 msec faster in the manual condition. The latter effect was investigated more closely through the use of a Newman-Keuls analysis. This analysis revealed that Condition 3, the animal word condition, was significantly different from the other four conditions (p < .01). Also, the word "dog" condition was significantly different from the nonanimal word condition (p < .05), while the nonanimal word-picture alone and pronounceable nonword-word "dog" comparisons were marginally significant (.10 > p > .05).
For the negative trials, a three-way AN-OVA was performed with Foil Type (animal vs. nonanimal pictures) as the additional factor. All three main effects-Response Mode, F(l, 38) = 19.91, p< .001; Foil Type, F(\, 38) = 217.47, p < .001; and Word Conditions, F(4, 152) = 7.23, p < .001-were highly significant. As before, the main effect of Response Mode arose because subjects were much faster (119 msec) responding manually than responding vocally. The significant effect of foil type indicated that it was much more difficult to respond negatively to the picture of an animal (X = 596) than to the picture of a nonanimal (X = 545). This difference was qualified by a significant Response Mode X Foil Type interaction, F(l, 38) = 7.96, /x.Ol, with the subjects in the manual condition showing a larger (61 msec) effect of foil type than that shown by the subjects in the vocal condition (41 msec). The main effect of conditions was again examined more closely through the use of a Newman-Keuls analysis. This analysis revealed that the word "dog" condition differed from the other four conditions (p < .01); however, no other differences even approached significance. Neither the Response Mode X Word Conditions interaction, F(4, 152) =1.34, p>.25, nor the three-factor interaction, F(32, 1,216) = 1.04, p> .40, approached significance. However, the Word Conditions X Foil Type interaction was marginally significant, F(4, 152) = 2.19, .10 > p > .05. This interaction, shown in Table 2 , indicates a trend for the effect of foil type to be slightly larger in the word "dog" condition (69 msec) than in the other four conditions (39, 43, 47, and 59 msec for the pronounceable nonword, nonanimal word, picture alone, and animal word conditionsr espectively).
Discussion
The purpose of Experiment 1 was to evaluate the contributions of the earlier processes to picture-word interference in situations that should be free of response output problems. The technique for eliminating output interference was to use responding procedures quite divorced from any response tendencies the superimposed word could evoke. The success of this manipulation is indicated by the fact that the pattern of interference on both positive and negative trials was independent of response mode (i.e., whether a manual or a vocal response was required).
2 Because of the arguments presented by Wike and Church (1976) , among others, words were not treated as a random factor, as suggested by Clark (1973) , in this or any subsequent analyses. In particular, the words used could in no way be thought of as being randomly selected. In Experiment 1 the words in Conditions 2 and 3 were selected in a way to ensure that they were equivalent on the dimensions of imageability and familiarity according to Paivio's (Note 1) norms and to ensure that they were the same length. For Experiment 2, it was again required that the words in the various conditions be equivalent in length. However, because the imageability and familiarity data were not available, Battig and Montague's (1969) production norms were consulted in order to ensure that all the words selected represented highly typical members of their semantic categories.
Three major findings are evident in the present study. The first involves the pronounceable nonword condition. Since these letter strings have no meaning, they should not lead to decision or response selection problems; hence, any interference they do produce can be attributed to the input process. On both positive and negative trials, pronounceable nonwords produced only a nonsignificant 10 msec of interference with respect to the pictures alone. Thus, it appears that general input problems play only a very small role in the processing of pictureword stimuli. The second finding concerns the nonanimal words on positive trials. Any difference between this condition and the pronounceable nonword condition could be attributable to either the decision or the response selection process. The finding was that these conditions did not differ. With respect to the response selection process, these words could presumably have automatically suggested a negative response. The lack of interference here shows, however, that this type of problem did not arise. With respect to the decision process, these words could have failed to cause interference either because the information they automatically supply could be ignored by this process or because it was not available rapidly enough to cause any interference. An examination of the animal word condition, where interference was observed, indicates that the former conclusion is most likely the correct one.
The third, and most important, finding was the significant 24 msec difference between the animal and nonanimal word conditions on positive trials. Since these two conditions should have had equivalent effects at the response selection level, this difference was presumably due to either the input or the decision process. An input explanation would hinge on the idea that something in the nature of the present task, for example, its emphasis on dogs or the extensive use of animal words, could prime those words so that upon recognition they would draw a large amount of attention to themselves and away from picture processing. This argument predicts, however, that this difference should be independent of whether the picture requires a positive or a negative response. Since this difference was only present on positive trials, an explanation of this sort seems unlikely. 3 Instead, it appears that this difference is attributable to the decision process. Apparently the semantic information from the words is available rapidly enough to cause decision problems in the present task. However, problems arise only when this information matches fairly well with the pictorial information the subject is evaluating. In this situation, subjects apparently have difficulty determining which information is relevant to the word and which is relevant to the picture. Thus, decision time is prolonged. When the word and the picture are not semantically similar, as in the nonanimal word condition on positive trials, the two sources of information can be kept separate and no decision problems will be produced. In addition, it should be noted that a second criterion for the appearance of decision interference is that the two sources of information must be compatible with different decisions. In the animal word condition on negative trials with animal foils, the information from the word is also quite similar to the information available from the picture. Yet there is little evidence of interference here, the difference between this condition and the pronounceable nonword condition being only 9 msec.
The results from the word "dog" condition reinforce these conclusions. Although this condition produced little noticeable facilitation on positive trials, it did produce a large amount of interference on negative trials. Further, there was a marginally significant Foil Type X Word Conditions interaction, with the inhibition caused by the word "dog" being much more pronounced for animal as opposed to nonanimal pictures. In fact, for nonanimal pictures this condition differed very little from all of the other conditions. This result also indicates that simply using words incompatible with the correct response was insufficient to produce noticeable interference. It seems that both response incompatibility and semantic simi-larity of picture and word are required for decision problems to arise.
In summary, the following conclusions can be offered. First, input interference played a very small role in the present task, accounting for no more than 10 msec of interference. Thus, by extension, input problems probably also play a fairly small role in the standard picture-word interference task. Second, decision problems did play a role in the present task, but it appeared to be a somewhat restricted role. In this task the semantic information automatically supplied by the words was available rapidly enough to interfere with the subject's decision process. However, interference only occurred when this information was substantially similar to the pictorial information the subject was evaluating and, apparently, when the two sources of information were not compatible with the same decision. Again, by extension, the same argument probably applies to the standard picture-word interference task. The semantic information from words unrelated to the pictures they appear on produces few, if any, problems for the decision process, while words naming members of the picture's semantic category do cause decision problems. Because of the fact that the size of the difference between the animal and nonanimal word conditions on positive trials (24 msec) is essentially the same as the size of the semantic category effect in the standard task, it seems likely that the semantic category effect is due entirely to decision processes. Finally, the response selection process did not appear to cause problems in the present task, the main evidence for this conclusion being the essentially nonexistent difference between the nonanimal word and pronounceable nonword conditions on positive trials.
We should note, however, that the argument is not being made that response selection does not contribute to the interference observed in the standard picture-word interference task. In fact, along with the response output process, selection apparently accounts for the lion's share of the interference. The crucial difference is that in the present task, the permissible responses were quite divorced from any aspects of the to-beignored words. In Experiment 1, subjects were permitted only to say yes or no or were required to push one of two buttons. The mapping between, say, a word like "cat" and the word "no" or a left-hand button press is a very artificial one and may require extensive practice to become automatized. In either situation it may not be overly surprising that the superimposed words did not suggest a response. However, in the standard task, the mapping between the word "cat" and the very legitimate response of its name would be a much more compatible one. As such, response selection problems may very well arise when subjects are required to name the pictures. However, at present it is not possible to say how much of the 70-90 msec general interference effect actually is attributable to response selection and how much is attributable to the response output process.
Experiment 2
The results of Experiment 1 suggest two interesting conclusions that deserve further evaluation. The first is that words do not appear to cause problems for the response selection process by suggesting responses other than their own names. This conclusion seems to be at odds with the theorizing of past investigators (Keele, 1972; Warren, 1972) . In particular, Warren has shown that the prior presentation of a short list of category members can at least prime the category's name, so if it subsequently appears as a Stroop stimulus additional interference is observed. Thus, Warren's results suggest that at least in some contexts words may automatically suggest their category's name. This possibility was investigated in Experiment 2. The task which was used was a categorization task in which the subject was required to produce the name of the picture's semantic category. A set of five categories was defined as being "active," that is, as being the categories from which all of the pictures were selected. Thus, these category names were the only legitimate responses. This manipulation should have the effect of priming these five words so that if they appear as the superimposed words they will cause more problems for the response selection process than the names of "inactive" categories (Posner & Snyder, 1975; Warren, 1972) . The question is whether this same difference will obtain between the names of members of the active categories and the names of the members of the inactive categories.
The second conclusion from Experiment 1 to be considered further is that the automatically available semantic information from the word only causes problems in making decisions (a) when the word can supply information similar to but obviously not identical with that available from the picture and (b) when the two stimulus components are not compatible with the same decision. The tasl^ used in Experiment 2 allowed an examination of the first of these criteria in a somewhat different context. That is, a condition was created in which the word and the picture represented members of the same semantic category. In this condition the information provided by the two sources should be highly similar; however, the two components will be compatible with the same decision. The question is whether satisfying only the one criterion will produce problems for the decision process.
Experiment 2 entailed the use of six conditions. In Condition 1, the word was the name of an incongruent active category. In Condition 2, the word was the name of an inactive semantic category. In Conditions 3 and 4, the names of members of incongruent active and inactive categories, respectively, were used. In Condition 5, the word and picture represented members of the same semantic category. Finally, there was a picture alone control condition. In addition, in an effort to further facilitate comparisons a seventh condition was added. The logic for this condition is as follows. Recall that in Experiment 1 response selection and output problems were controlled by using in the one instance button-press responses and in the other instance a small set of very familiar vocal responses. In Experiment 2, the response set has been increased to five responses, none of which are extremely familiar. As such, there are now potential response output problems in the category members conditions caused by the word's name itself (cf. Williams, 1977) . That is, the word may suggest itself as an appropriate response at the response selection stage or create output problems by slipping into the output buffer. In order to provide an alternative control, this seventh condition was added in which the superimposed word was the picture's name. This identity condition should provide the same potential for output interference as the other category members conditions. Thus, it appears to be a better baseline against which to compare the other conditions.
Method
Subjects. Eighteen University of Western Ontario undergraduate volunteers (7 males and 11 females) received course credit for participating in this experiment. All were native English speakers.
Materials and equipment. Battig and Montague's (1969) production norms were consulted in order to find five concrete semantic categories, each having four easily picturable members among its IS most frequently produced instances. The categories selected were animals, clothing, fruit, furniture, and vehicles. Line drawings ("pictures") of each of the four instances of each category were selected from children's coloring books. Seven sets of these pictures were produced, and each picture was glued on a 23 X 25.6 cm card. These seven sets of pictures corresponded to the seven experimental conditions.
To create the identity condition, the picture's name was superimposed on each picture. To create the same semantic category members condition, Battig and Montague's (1969) norms were again consulted to find four other instances from among the IS most frequent from each category. Each word was superimposed on one of the pictures from the same semantic category. To create the active category members condition, Battig and Montague's norms were once again used to find four other instances from among the 15 most frequent from each category. From each of these sets of four, one word was superimposed on one picture from each of the other four categories. To create the active category condition each category name was superimposed on one picture from each of the other categories. To create the inactive category condition five other relatively concrete categories were selected (buildings, flowers, tools, vegetables, and weapons) and each of these category names was superimposed on four pictures, all from different categories. To create the inactive category members condition, four instances of each of the categories used in the previous condition (except buildings) were selected from the 15 most frequent instances in Battig and Montague's norms. Four common buildings were also selected. Each of these words was superimposed on one of the pictures, with the restriction that no two words from the same semantic category were to be on pictures that belonged to the same semantic category. Finally, in the picture alone condition, no words appeared on the pictures.
Because the data were not available, it was not possible to equate the words in the various conditions on the dimensions of imageability and printed familiarity.
However, because of the fact that only frequent instances from Battig and Montague's norms were used, it would have been surprising if the words differed greatly on either of these dimensions. An estimate of the familiarity of the words was obtained by consulting Kucera and Francis' (1967) word frequency norms. The median frequencies for the identity, same semantic category members, active category members, and inactive category members conditons were 18, 23, 13, and 34, respectively. The category names were, perhaps, a bit more frequent with the active category names having a median frequency of 34 and the inactive category names having a median frequency of 40. In addition, the mean word lengths in the identity, same semantic category members, active category members and inactive category members conditions were essentially equal, ranging from 4.6 to 5.2 letters. The mean lengths of the category names were slightly longer, 7.0 letters in the active category condition and 6.6 letters in the inactive category condition. The names of the pictures and the words used are given in the Appendix.
The tachistoscope, timer, microphone, and voice-activated relay were the same as those used in Experiment 1. Also, the letters and pictures were the same size as those used in Experiment 1.
Procedure. The procedure was similar to that used in Experiment 1. Before the experiment started subjects were informed that they would be seeing a series of pictures, most of which would have words superimposed, and their job would be to produce the picture's category name. They were told that the only categories used in the present experiment were animals, clothing, fruit, furniture and vehicles and that they should restrict their responses to these five category names. They were encouraged to respond as rapidly and accurately as possible. They were then shown the picture of a dog and told, "For example, if this picture were presented, your job would be to respond 'animal.'" The subjects then responded to each of the 140 stimuli in a random order. As before, errors were recorded, and those pictures were randomly placed back into the set of to-be-presented items. Following a brief (3 min.) rest, the subjects once again responded to each of the 140 stimuli in a different random order. The entire procedure took about 1 hr.
Results
Once again, errors were basically nonexistent (35 in 5,040 trials, and no more than 6 in any condition). Thus, the results from the few error trials were not analyzed. The mean correct reaction times for all seven conditions are presented in Table 3 . Each of these means is based on 720 observations. A three-factor ANOVA (Conditions X Trial Block X Response) was performed on the data. As is obvious, the main effect of conditions was highly significant, F(6, 102) = 6.31, p < .001. A subsequent Newman-Keuls analysis revealed that the mean for the picture alone condition was significantly less Finally, the main effect of response was highly significant, F(4, 68) = 26.42, p < .001 as was the interaction of this factor with conditions, F(24, 408) = 2.09, p < .01. The main effect of response was not surprising. Some category names were undoubtedly easier to articulate than others, and the pictures used in the present experiment probably allowed differential accessibility of the various category names. A closer examination of the Response X Conditions interaction indicated that the basic relationship between conditions was essentially replicated for each response, except for the response "animal." However, since there seems to be no reason why this response should be. any different from the other four, in particular it was neither the easiest nor the most difficult to produce, and given the statistical power involved in testing this particular interaction, its significance does not seem to be a cause for concern.
Discussion
The first thing to note about Experiment 2 is that interference was observed in the identity condition. Although input problems may account for a small portion of the dif-ference, most of it can be attributed to the word's name competing with the correct response at either the response selection or the output level. Apparently, as hypothesized, the amount of interference attributable to these processes is a function of the uncertainty the processes face. In the present task, response uncertainty was increased from that in Experiment 1 by increasing the set of legitimate responses from two to five. In addition, this response set was much more arbitrarily defined, as it potentially could have included a number of other responses. Thus, the opportunity for the word's name to compete at the selection or output levels was increased and additional interference was observed. In comparison, in the standard picture-word interference task, almost any imageable object can appear as the picture. Thus, response selection and output problems would be expected to be even greater.
The first conclusion from Experiment 1 being reexamined in Experiment 2 was that words do not cause problems for the response selection process by suggesting responses other than their names. In particular, in Experiment 2 the question was whether they would automatically suggest the name of their semantic category. In this task the active categories were "primed" by instructing the subjects to use only those names in making their responses. As expected, the active category names did produce 20 msec more interference than did the inactive category names which were not primed. If the names of active and inactive category members suggested their categories' names to the response selection process, a difference should also have been obtained between the two category members' conditions. Clearly it was not. Thus, even though the generation of category names was central to the present task, this same process did not seem to be engaged by the superimposed words.
This finding permits a much clearer evaluation of the other conclusion from Experiment 1 that was also investigated in Experiment 2, namely, that decision problems only arise when (a) the semantic information from the word is similar to but not identical with the semantic information from the picture and (b) the two components are not compatible with the same decision. The first criterion can be examined in isolation by considering the same semantic category members condition. While this condition did produce interference with respect to the picture alone condition, its mean reaction time was virtually identical to that in the identity condition. Therefore, it appears that simply having two components that supply similar but not identical information is not sufficient to produce decision problems. In order to examine the second criterion in isolation, one can compare both the active and inactive category members conditions with the identity condition. The approximately 12 msec difference between these conditions and the identity condition fell far short of significance. As such, although there may have been a small effect of decision processing here, the statistical equivalence among these three conditions argues that satisfying the second criterion alone, that is, having two components supplying information incompatible with the same decision, is also not sufficient to produce decision problems. Therefore, it appears that in the pictureword interference context both of the above criteria must be satisfied before decision problems will emerge.
Conventional wisdom (Potter & Faulconer, 1975) has it that pictures supply semantic category information faster than words do. In fact, Smith and Magee's (1980) recent argument for this conclusion was based, in part, on their results in a similar picture-word interference task. Thus, an alternative interpretation of the lack of decision problems in Experiment 2 would simply be that the words did not automatically supply interfering semantic information before a category decision could be made about the picture. However, the results of Experiment 1 would indicate that an explanation of this sort is unlikely. Reaction times in Experiment 1 were much shorter than those in Experiment 2, indicating a much shorter and more rapid decision process. Nonetheless, semantic interference was observed in Experiment 1. Apparently, automatic semantic processing of words was rapid enough to produce interfering semantic information before subjects could make even this very simple decision about a picture. As such, at least the same amount of potentially inter-fering semantic information must have been available to the decision process in Experiment 2. However, since both criteria for decision problems were not met, this information produced no interference.
Conclusions
The present experiments were designed in an effort to increase our understanding of the processes involved in responding to picture-word stimuli. Four stages in this process were outlined-input, decision, response selection and response output-and the first three were examined with the emphasis placed on the decision process. The results from the present experiments seem to suggest the following conclusions.
First, the interference in picture-word tasks caused by an input process characterized by perceptual resolution of figure and ground is, at best, minimal. Second, automatic semantic processing of a word will produce interference with the decision process. This interference is somewhat specific, however, and appears only to occur when information supplied by the word is (a) similar but not identical to that supplied by the picture and (b) not compatible with the same decision as being made about the picture. Both of these criteria must be met for interference to occur. The semantic category effect observed in both the standard naming task and the yes/no task in Experiment 1 appears to be due to interference at this level. Third, interference with the response selection process is possible, but only when it is based on the name of the superimposed word and not on other information automatically supplied by the word. In fact, as shown in Experiment 2, superimposed words do not suggest their category names, even in situations where the process of generating category names is continually engaged. Finally, from the present data it is not possible to determine how much interference in the standard task is due to response output. However, given the contributions of the input and decision processes, it seems likely that the two response processes must account for the lion's share of this interference.
Perhaps it is appropriate at this point to ask what has been learned about automatic semantic processing of words. It is clearly a very rapid process. Indisputably, certain semantic information is much more difficult to retrieve when memory is accessed by means of a word than when it is accessed by means of a picture (Potter & Faulconer, 1975) . However, the semantic effects in Experiment 1 imply that whatever information the word automatically supplies arrives at least as rapidly as the very basic information about the picture which is necessary to complete this simple task. In addition, the information that becomes available seems to be relatively immutable. The experimental context in Experiment 2 could very easily have led to the retrieval of the words' category names if they had been at all available. Clearly, however, these names were not being retrieved. Thus, the ability of experimental context to alter the kind of information that automatically becomes available from words appears to be somewhat limited. As such, whatever knowledge about automatic retrieval operations can be derived from the picture-word interference paradigm will probably be fairly generalizable to normal reading situations. Finally, whatever semantic information is obtained from a word can generally be kept separate from the semantic information being derived from a picture. The nonanimal words in Experiment 1 undoubtedly supplied the same kind of information that the animal words supplied on positive trials, and the information from both types of words was incompatible with a positive decision. Yet the unrelated words interfered no more than the pronounceable nonwords, which carry no semantic information. Also, in Experiment 2, active category members that should have provided extremely problematic semantic information led to essentially no more interference than words providing entirely compatible semantic information. It appears that unless the semantic information from the word and the picture can interact in some way, the semantic information the word supplies seems to be basically irrelevant to the subject's decision processing. Thus, the effects of automatically retrieved semantic information will not be evident in every task involving picture-word stimuli. Unfortunately, the implication of this final conclu-sion is that the future usefulness of the picture-word interference paradigm for studying automatic semantic processing of words may be somewhat limited. Nonetheless, the nature of these interactions, whenever they arise, should provide useful insights not only into automatic semantic processing of words but also into the nature of the memory system in which those interactions take place. Note. 1C = inactive category name; ICM = inactive category member's name; AC = active category name; ACM = active category member's name; ID = picture's name; and SSCM = same semantic category member's name.
